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SUMMARY 

Standard  radiosonde  measurements  and  procedures  are  subject  to  significant  temperature-induced 
humidity  errors  in  the  near  surface  layer.  These  errors,  when  experienced  at  coastal  locations  and 
applied  to  open  ocean  conditions  may  result  in  spurious  surface-based  ducts  which  have  serious  implications 
for  the  authenticity  and  application  of  world-wide  refractive  climatologies  in  naval  planning  and  operations, 
and  in  the  development  and  verification  of  prediction  techniques.  Efforts  are  underway  at  the  Pacific 
Missile  Test  Center  to  determine  the  magnitude  of  this  problem,  and  to  recommend  modified  measurement 
procedures  and  correction  factors  that  can  be  applied  to  existing  data. 
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PREFACE 

Navy  requirements  exist  for  a prediction  capability  which  will  allow  conversion  of  routine  synoptic  weather 
information  to  an  assessment  of  meso-scale  refractive  structure  and  hence  an  inferred  assessment  of  radar  systems 
coverage.  An  initial  subjective/objective  effort  based  on  worldwide  radiosonde  coverage  and  characteristic 
synoptic  patterns  resulted  in  the  development  of  an  initial  Refractive  Effects  Guidebook  (REG)1 . While  the 
prediction  technique  met  with  partial  success,  subsequent  objective  evaluations  of  REG  performance  indicated 
significant  discrepancies  in  verification,  particularly  for  surface-based  ducts.  These  discrepancies  can  be  explained 
by  three  factors:  (1)  A still  incomplete  understanding  of  synoptic-refractive  relationships,  (2)  an  overly  detailed 
attempt  to  specify  predicted  profile  types,  and  (3)  deficiencies  in  radiosonde  data  when  used  for  refractive  pur- 
poses. 

The  first  two  problems  are  being  addressed  by  PACM1STESTCEN  in  a continuing  effort  to  develop  im- 
proved prediction  capabilities.  The  third  problem  is  being  simultaneously  investigated  and  is  the  subject  of 
this  report. 


A DAYTIME  BIAS 

In  evaluating  the  performance  of  the  REG1,  doubt  has  arisen  concerning  the  authenticity  of  many  of  the 
surface-based  refractive  ducts  derived  from  radiosonde  data.  Statistical  summaries  of  surface-based  duct 
occurrence  compiled  from  these  data  indicate  an  inordinately  large  diurnal  variation.  The  global  distribution 
of  differences  in  relative  frequency  of  occurrence  of  surface-based  ducts  is  depicted  in  figure  1,  for  “coastal'’ 
stations  in  a SYLVANIA2  study  covering  the  period  May  1966  through  April  1969.  Locations  where  more 
ducts  were  noted  at  00Z  than  at  12Z  are  indicated  by  squares;  the  reverse  by  “X”s;  the  size  of  the  symbols  is 
proportional  to  the  differences  in  relative  frequencies  of  occurrence  observed  between  the  two  times,  00Z  minus 
12Z.  It  is  immediately  apparent  that  with  very  few  exceptions,  surface-based  ducts  were  more  frequent  at  00Z 
on  either  side  of  the  dateline  between  90°E  and  90°W,  where  00Z  occurs  locally  during  daylight  hours.  The 
situation  is  reversed  for  the  other  side  of  the  earth  centered  on  the  Greenwich  meridian  where  1 2Z  is  during 
daylight  hours,  although  the  pattern  is  not  as  clear-cut.  The  bias  is  greatest  at  low  latitudes.  Solar  elevation 
angle  is  implicated  as  a direct  or  indirect  cause,  presumably  by  its  effects  on  instrumentation  or  on  actual  condi- 
tions in  the  atmospheric  boundary  layer. 

Diurnal  variations  in  atmospheric  properties  over  the  open  ocean  should  generally  be  quite  small;  day-night 
sea  surface  temperatures  typically  vary  by  no  more  than  a few  tenths  of  a degree  C3.  Unfortunately,  however, 
with  the  exception  of  a few  ocean  station  vessels,  the  soundings  regularly  available  from  oceanic  areas  are 
actually  made  over  land  from  islands  or  near  the  coasts  of  continents.  Temporarily  putting  aside  the  question 
of  whether  such  soundings  are  representative  of  open  ocean  conditions,  the  observed  diurnal  variations  found 
from  the  Sylvania  statistics  seem  meteorologically  implausible.  The  very  limited  extent  of  some  of  the  island 
sites  where  the  day-night  variation  is  greatest  suggests  that  changes  in  refractive  layering  due  to  diurnal  variations 
in  local  winds  are  not  the  basic  cause,  especially  since  most  of  these  surface-based  ducts  are  very  shallow.  The 
establishment  of  daytime  surface  superadiabatic  layers  at  land  stations  would  be  a common  feature  at  nearly  all 
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Mies,  but  except  possibly  in  the  case  ot  wet  soil  , the  associated  stiong  veitical  mixing  slnnild  destiny  any 
luiinidity  sti Jtil nations  which  could  cause  supeneli action,  and  the  iapid  decicase  of  tempeialuie  with  height 
would  tend  to  cause  subieliaction 

SOURCE  OF  THE  BIAS 
Radiosonde  Humidity 

The  appaient  marked  suiplus  ot  these  day  time  suilacebased  ducts  can  be  explained  as  a consequence  ol 
instiuniental  emu  Most  ol  the  stations  siiown  in  figuie  I can  be  identified  as  sites  wheic  Amencan  ladiosondes 
were  employed  It  has  been  known  toi  some  yeais  that  Icmpetatuiemdiiccd  humidity  errois  have  been  re- 
sponsible  loi  a bias  towaids  lowei  day  time  telative  humidities  tepoited  by  U S.  ladiosondes'  This  is  not  meiely 
the  lesult  ol  the  inverse  relationship  between  telative  humidity  and  tempeialuie,  bul  lepiescnts  a spin  ions  le- 
duction  m day  time  sallies  ot  moisture  in  terms  ot  dew  point,  mixing  latio,  and  othei  derived  conservative  niots- 
tute  paiameteis  lhe  cause  is  known  to  be  warming  ot  the  hygnstoi  (humidity  element)  due  to  solai  ladiation. 
the  lesiiltant  increase  in  saturation  vapor  pressure  of  the  an  in  contact  with  the  hygnstoi  leads  to  an  erroneously 
low  indication  ol  relative  humidity,  which  used  m conjunction  with  the  coolei  (empeiatiiies  tiom  the  sonde 
thernustoi  results  in  lowered  calculated  values  lot  other  moisture  I'aiametei'  The  microwave  lelractive  index 
will  also  be  too  small  Above  the  suilace  layei  this  would  have  little  effect  on  i Miactive  giadieut  and  duct 
calculations,  since  the  bias  would  change  slowly  with  altitude  lint  neat  the  suilace.  significant  leftaclive  gi adieu: 
errors  could  result  fins  follows  fiom  the  fact  that  the  surface  point  ot  soundings  leduced  accotdmg  to  standaid 
piix'edutes  is  obtained  by  psychrometei,  is  specified  in  I Mil  5 (l  edeial  Meteoiologic.il  Handbook  ot  Radiosonde 
Observations)*  Ihe  value  foi  suilace  retiactivity  would  theiefore  presumably  be  lelatively  accuiate  Because 
the  retiactivity  at  the  top  ol  the  suilace  layei  is  obtained  fiom  the  ladiosonde  and  hence  liable  to  be  enoneously 
small  (div  I dining  daytime,  a negative  bias  in  the  appaient  change  in  retiactivity  upwaid  thiough  the  suilace 
layei  will  result.  This  in  linn  leads  to  a tendency  tor  fictitious  stipend) active  giadieuts  m this  lowest  layei  ot 
the  sounding 

Attempts  to  assess  and  collect  loi  spurious  daytime  dtyuess  in  U S ladiosonde  data  fiom  the  Line  Island  . 
ATI  X and  BOMI-X1*  expeimients  led  to  intioduction  of  a modified  sonde'*  aiound  1**71,  designed  to  ntir.'im/e 
hygnstoi  heating  by  impioving  ventilation  and  shielding  fiom  sonde  and  solai  heat  sources  Although  a con- 
siderable improvement  in  the  accuracy  of  the  upper-all  humidities  has  been  reported10,1  , a large  duunal 
variation  in  surface  layer  refractive  conditions  is  still  very  much  in  evidence.  Sin  face  based  ducts  continued  in 
abundance  dining  daytime  hours  m data  obtained  as  late  as  l‘>74,  as  shown  in  table  I 

The  apparent  lack  ot  any  oveiall  decrease  in  daytime  suilace  duct  bias  is  tmdci statutable  it  the  following 
ate  taken  into  account  the  special  nature  of  the  atmosphere  in  the  surface  boundaty  layer,  the  manuct  in  which 
the  data  is  obtained,  and  the  effect  of  hygnstoi  thermal  lag  on  indicated  humidities  l oi  tempeiatures  typical 
ol  the  lower  atmosphere  ovei  temperate  and  tropical  regions  the  htimnhtv  response  ot  the  caibon  hy  gnstoi 
type  of  humidity  element  in  use  foi  some  years  is  quite  good,  with  a lag  coefficient  less  than  one  second  The 
thermal  response  of  the  carbon  hygnstoi  is  much  worse,  however,  with  a lag  coefficient  neat  sea  level  around 
15  seconds  in  the  improved  sonde  introduced  around  l*>7|  l“l  ',  and  as  much  as  a half-minute  m the  older  sonde 
package" ' formerly  used  by  the  National  Weather  Service  The  lithium  chloude  element  in  use  some  years  ago 
was  likewise  subject  to  consideiable  thermal  lag.  At  times  when  the  sonde  is  ascending  through  a region  with 
negative  temperature  lapse  rate,  the  hygnstoi  tenipei.U me  will  be  too  warm  and  hence  indicated  humidity  and 
refractivity  will  be  too  low  Foi  the  current  sonde  and  normal  ascent  rates  the  theoretical  hygnstoi  tempeiature 
excess  due  to  lag  (15-second  time  constant)  can  be  estimated  at  about  0.5U  foi  an  ambient  lapse  iate  of  • '('  IlHXi 
feet,  with  a corresponding  relative  humidity  deficit  around  .*  ;.  and  lefiactivity  deficit  of  loughly  5 N-iimts  In 
the  free  atmosphere  the  refractivity  gradient  structure  will  be  affected  very  little,  except  dining  passage  thiough 
inversions  (when  the  biases  will  be  leversed  with  the  hygnstoi  tending  to  be  coolei  then  the  enviionment ) But 
the  situation  is  entirely  different  near  the  earth's  surface  There,  veiy  si  tong  negative  lempeiatuie  lapse  rates  m 
the  day  time  supetadiabatic  layei  and  internal  boundary  layer  neat  coastlines  during  onshore  tlow  will  pioduce 
considerable  reductions  in  apparent  refractivity  with  height. 
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Tatol#  1 in  P*rc«nl  Occurrence  of  Sui(«c«  B«od  l)uct\  Repoitetl  .it  00/  «n«f  12/.  foi  Period 

May  1966  April  1969  end  January  Apt il  July /October  19/4  (Frequency  00/  Minus  Fiequency  12/) 


\*(00Z)  M 12/1 
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3 

7S 

7W 
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• 
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• NO  DATA 

I * ■ LESS  THAN  40  SOUNDINGS  AT  ONE  OR  BOTH  TIMES 
1966  1969  DATA  FROM  SVIVANIA  REPORT  (JULY  1972) 
1974  DATA  f ROM  PMTC  STUDY 


II io  mtluonoo  ol  tcinpeiatiue  lapse  i.iio  on  refractivitv  is  illusiiated  m figute  2a.  whete  leliaclivilv  gtadteni 
vcisiis  loinpoiatiito  giadieut  is  plotted  lot  the  lusi  lavei  ol  soundings  loi  I’onape.  I ** 7-4  data  In  general.  the 
gteatei  the  deotease  ol  tenipeiatuie.  the  stiongei  the  leliaotno  lavei  was  found  to  he  lhis  teinpeiatiiie  induced 
problem  is  aggravated  hv  still  another  ptohletn  the  ineieasuig  sensitivity  ol  the  computed  leliactive  gradients  to 
noise  in  the  data  as  lavei  thickness  becomes  smallci  \s  appaicnt  in  liguie  2b.  even  without  noticeable  cm  tela 
lion  between  lavei  thickness  anil  leliactive  giadient.  the  largei  sealtei  in  the  data  foi  the  thiunet  laveis  icsults 
in  a greatei  numhei  ol  extreme  giadients  both  siipeneliaetive  and  siihicliaenve.  Staudaid  pioeedtues  dictate 
leduction  ol  sonde  data  toi  mandatoiv  piesstue  levels*'  \t  most  coastal  and  island  stations  the  lOOOntb  level 
is  as  a rule  within  a lew  dozen  feet  ol  the  suiface.  thus  guaianteetng  on  icduccd  soundings  a predominantly 
thin  sui face  layer,  with  no  duect  physical  basis  loi  its  lepoited  depth 

Sonde  Exposure  Befoie  Release 


I \posute  ot  the  sonde  phot  to  iclease  can  also  eoniubute  to  a bias  tovvauls  daytime  duels  Although 
icdesign  of  the  sonde  has  minimized  ladtattve  contiibuiions  to  the  Itygitsioi  lempeiatuie  excess  aloll 1 1 . the 
hygnstoi  remains  vulneiable  to  heating  by  solai  i.idiation  dining  pieielease  piepaiations  because  of  madei|uate 
ventilation  Cases  are  teported  where  a sonde  has  been  allowed  pilot  to  lelease  to  lie  outside  on  a hot  suiface 
such  as  the  deck  ot  a ship  I ven  when  leasnnable  caie  is  exeiciscd  to  avoid  duect  exposme  to  sunlight  and 
relatively  warm  aie.i'  such  as  asphalt,  substantial  daytime  wanning  ol  the  sonde  and  hygnstoi  can  be  expected 
belore  release  utidei  conditions  of ’cleat  skies  and  light  winds  Although  accoidmg  to  I 'Ml  I -A  the  suiface  point 
would  not  be  taken  I tom  the  sonde  in  any  event,  a substantial  pet  tod  ol  time  i'  icipiued  aftci  lelease  foi  te- 
coveiy  ol  the  tadtosonde  trout  such  overheating,  due  to  the  thetmal  lag  ol  the  hygnstoi  and  walls  ol  the 
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Figure  2.  Influence  of  Temperature  Lapse  Rate  on  Refractivity. 


humidity  duct  I he  contribution  ot  tins  effect  to  the  total  humidity  ertoi  is  especially  mtpoitant  when  the 
fust  point  I rout  the  sonde  in  selecied  with"'  a less  bundled  leet  ol  the  suilacc.  as  sshen  surface  piessute  is  only 
slightly  g t e a t e t than  lOOOmb.  01  sshen  a signiticant  level  in  selected  at  the  top  ol  a shallow  supeiadiabat'c  layer 


MAGNITUDE  OF  INITIAL  ERROR 

An  estimate  ol  the  temperature  of  the  hygnstor  element  can  be  obtained  lor  the  moment  ot  release  it  the 
radiosonde  rccordoi  chart  and  the  smtace  psychiometer  data  ate  available.  Regardless  of  temperature  variations, 
and  m the  absense  ot  wetting  ol  the  sonde  and  humidity  element  by  precipitation,  water  vapor  pressure  should 
be  essentially  the  same  outside  the  sonde  and  lit  the  an  around  the  hygristor1'.  Thus  the  temperature  ot  the 
latter  is  iust  that  which  togethei  with  the  observed  radiosonde  initial  ordinate  value  yields  the  same  vapor 
pressure  as  that  corresponding  to  the  psycluometei  data. 

An  example  of  a lecorder  chart  tor  a sounding  with  substantial  initial  hygnstor  temperature  excess  is  shown 
in  figure  4.  Humidity  increases  to  the  left,  temperature  to  the  light,  and  time  upwards.  The  sonde  was  released 
at  Point  Mugu  at  1024  PST.  40  July  l'<74.  and  had  been  modified  to  permit  greater  vertical  resolution  by  in- 
creasing the  switching  rate  between  temperature  and  humidity  . Skies  were  overcast  with  low  stiatus  (which  was 
beginning  to  clear,  however),  and  suilace  winds  were  two  knots  Irom  the  southwest  (onshore). 

The  sonde  was  one  of  the  Weather  Service  types  (JOO(r)  which  had  been  modified  at  PACMISTfSTCf N to 
reduce  solar  heating  effects  by  covering  the  top  of  the  hygristor  duct  with  aluminum  foil,  and  blackening  the 
interior  of  the  duct. 

The  surface  humidity  ordinate  corresponding  to  the  relative  humidity  reading  of  78U  obtained  from  electric 
psychrometer  is  shown  as  a circled  point,  far  to  the  left  and  at  a much  higher  humidity  than  that  corresponding 
to  the  initial  location  of  the  sonde  humidity  trace.  The  latter  indicated  a relative  humidity  of  Sfo'i.  using  the 
psychrometer  temperature  ot  18.8°C.  The  discrepancy  between  these  two  humidities  corresponds  to  a hygrisloi 
temperature  excess  in  this  case  ot  about  5.5°C.  The  sonde  data  indicate  the  top  ol  a supcradiabatic  lay  er  at 
214  feet  above  the  surface.  (This  level  is  indicated  in  figure  4 by  the  long  horizontal  dashed  line  at  about  1/4 
minute  into  the  sounding.)  Use  of  the  actual  humidity  contact  value  for  this  level  together  with  the  surlaee 
psychrometer  data  yields  a surface-based  superrefraetive  layer  with  refractivity  gradient  of  -lid  N-units/1000 
feet.  If  the  humidity  ordinate  for  the  top  of  the  supcradiabatic  layer  is  obtained  by  interpolation  between  the 
surface  psychrometer  readings  and  higher  sonde  points,  however,  a ret ractivity  gradient  ol  only  -45  N-units  per 
1000  feet  is  calculated.  In  this  example  use  of  the  actual  contact  value  for  humidity  would  clearly  have  resulted 
in  a spurious  surface-base  duct. 

Hygristor  initial  temperature  excesses  calculated  by  the  above  method  are  shown  in  ligure  4 lor  Point 
Mugu  soundings  from  September  UHw).  jn  which  AMQ-d  military  sondes  were  employed.  This  period  was  well 
before  the  introduction  of  extra  radiation  shielding.  These  values  have  been  plotted  against  time  ot  day.  and 
clearly  are  separated  into  nighttime  and  daytime  regimes.  During  the  day  the  average  temperature  excess  was 
around  4°0,  and  reached  as  high  as  7 to  8°C  on  several  occasions. 

BIAS  DUE  TO  INITIAL  AND  LAG  ERRORS 

In  order  to  estimate  actual  humidity  and  refractivity  distribution  with  altitude  Irom  radiosondes  subject 
to  initial  and  lag  temperature-induced  humidity  errors,  hygristor  temperature  must  be  known,  first  ol  all,  it 
is  required  for  reduction  ol  the  raw  sonde  hygristor  data  because  ol  its  elfect  on  the  relationship  between 
hygristor  resistance  and  relative  humidity,  but  this  effect  is  minor  for  the  temperature  range  of  concern  here. 

Hy  gristor  temperature  is  of  much  more  importance,  however,  in  correcting  the  apparent  relative  humidity  lor 
the  difference  in  saturation  vapor  pressure  between  that  in  the  tree  atmosphere  and  that  in  the  air  in  immediate 
contact  with  the  hygristor.  when  the  temperature  ol  the  latter  cl  it  t ers  Irom  the  tree  air  temperature  as  measured 
by  the  thermistor  outside  the  sonde.  Hygristor  temperature  can  be  measured  directly  by  a thermistor  placed  on 
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Figure  4.  Calculated  Hy gnst or  Temperature  Excess  Versus  Time  of  Sounding 


I Ik*  hygristor,  hut  lliis  requires  provision  lot  transmitting  the  additional  teinpeiatuie  lo  the  surface.  Anollicr 
approach  involves  calculating  theoretical  hygristor  teinpeiatuie  response  to  measured  l'iee  air  tempeiatiues.  con- 
sidering hygrtstor  temperature  error  at  the  moment  of  release,  and  the  effective  hygristor  thennal  time  constant 
(due  to  the  combined  thermal  lag  ehaiacteristics  of  the  hygustoi  element  and  the  surrounding  duct,  corresponding 
to  a ventilation  rale  appropriate  loi  the  type  sonde  used  and  ascent  tale  experienced  I.  Although  heating  of  the 
hvgiistor  due  to  solar  ladiatiou  is  the  souice  ol  its  initial  tempo  i at  me  bias,  this  is  much  diminished  aloft  (in  the 
improved  sondes  about  +().b°('  near  sea  level)  because  ol  the  increase  m ventilation  after  release;  therefore,  in 
the  discussion  which  Inflows,  the  contribution  of  radiation  to  the  total  or  tor  aloft  has  not  been  included. 

Results  ol  an  application  of  the  approach  of  calculating  hy  gustoi  temperature  aie  depicted  m figuie  5 using 
data  liom  a pan  ol  improved  J005  Weather  Service  ladiosondes  leleased  simultaneously  at  PACMISTTSTCTN  at 
I 705/  (O'H)SPST)  4 May  1077;  at  time  of  release  sky  conditions  were  3/10  cumulus,  with  onshore  winds  of  6 
knots  I he  sondes  were  alteied  at  PACMISTTSTCIN  to  permit  Iniei  veitical  lesolution.  Although  the  sonde 
packages  weie  identical,  they  were  each  handled  in  a different  manner  prior  to  release.  An  accurate  estimate  of 
tree  an  temperatures  was  needed  for  computing  hygustoi  tempeiatiues.  To  miiiimi/e  effects  of  radiation  on 
temperatures  indicated  by  the  thermistor  at  the  moment  of  release  and  tlmmgli  the  lower  pail  of  the  sounding, 
one  sonde  was  force-ventilated  in  a thermoscreen  for  about  five  minutes  just  before  release.  Temperature  data 
from  this  sonde  is  shown  as  profile  I in  the  upper  left  section  of  figure  5.  This  temperature  profile  was  used  to 
calculate  a nunihei  ol  hypothetical  examples  of  possible  hygristor  temperature  vauation  with  altitude,  assuming 
vaiious  hygustoi  temperatures  at  the  moment  of  release  (expressed  as  "initial  error"  between  hygristor  and 
measured  free  an  temperature),  a hygristor  thermal  lag  of  15  seconds,  and  ascent  at  the  observed  rale  (K5K  ft/ 
min)  Ihiough  the  temperature  environm -lit  indicated  by  profile  I.  This  value  for  thermal  lag  applies  to  the 
caihon  hygustoi  in  the  .1005  improved  si  nde  package,  as  mentioned  earliei,  computed  profiles  2.  3,  and  4 differ 
solely  as  a result  of  different  assumed  initial  hygristor  temperature  biases.  In  any  event  the  effect  of  thermal  lag 
in  this  situation  with  negative  temperature  lapse  rates  as  shown  by  profile  I would  cause  hygristor  tempeiatiues 
warmer  than  the  free  air,  with  consequences  which  are  discussed  below. 

The  otliei  radiosonde  was  used  to  obtain  law  hygristor  data  under  conditions  which  would  enhance  hy- 
gristor vulnerability  to  overheating,  and  which  are  suspected  to  occur  at  times  with  routine  soundings.  This 
sonde  was  allowed  to  sit  m the  sun  lot  the  same  live  minute  period  of  time  piioi  lo  release,  on  top  of  a wooden 
box  about  one  and  one-half  feet  above  an  asphalt  pavement.  A substantial  bias  of  hygristor  temperature  above 
that  in  the  free  atmosphere  was  observed  to  develop  by  the  time  of  release  which  may  be  characteiistic  ol  routine 
soundings  where  precautions  against  pre-flight  heating  may  not  be  taken,  as  inferted  from  Ihe  ladiosonde  recorder 
chart  by  the  method  outlined  previously  it  amounted  to  about  +4'V.  This  is  the  assumed  initial  erroi  which 
resulted  in  generation  of  temperature  profile  3;  consequently  that  piolile  piesumably  comes  closest  to  representing 
actual  hygristor  temperature  behavior  with  altitude. 

Ihe  sensitivity  ol  some  humidity-related  parameteis  to  hygustoi  teinpeiatuie  euois  is  demonstrated  in  the 
other  boxed  sections  of  figure  5,  by  profiles  of  relative  humidity,  mixing  latio,  and  ret i act ivity , numbered  in 
accordance  with  the  particular  hygristor  temperature  profile  assumed.  The  law  hygustoi  data  was  first  reduced 
using  each  of  the  temperature  profiles  in  turn  to  obtain  four  sets  ot  apparent  lelative  humidities.  In  the  case  of 
profiles  2.  3,  and  4 these  humidities  were  then  tentatively  corrected  for  differences  between  the  assumed  hygrisloi 
temperatures  represented  by  the  correspondingly  numbered  teinpeiatuie  piofiles,  and  the  free  an  temperatures 
represented  by  temperature  profile  I.  Although  the  temperature  and  humidity  information  came  from  two 
separate  sondes,  it  is  believed  that  they  sampled  essentially  the  same  volume  ol  aii  due  to  then  simultaneous 
release  m close  proximity.  Profiles  of  mixing  ratio  and  lefractiviiy  were  computed  horn  these  corrected  relative 
humidities  and  tree  air  temperatures.  In  the  case  of  piolile  1 loi  the  humidity  paiameteis,  no  collections  weie 
applicable,  the  hygristor  temperature  being  assumed  identical  lo  the  lice  an  teinpeiatuie.  Of  the  relative 
humidity,  mixing  latio,  and  lefractiviiy  profiles  shown,  profile  3 is  piobably  most  repiesentalive  of  actual 
atmospheric  conditions  lor  this  sounding,  as  it  was  determined  by  collections  based  on  the  most  appropriate 
initial  hygustoi  temperature  as  pointed  out  previously.  On  the  othci  hand,  excep*  <u  the  suiface  point  (and  the 
more  detailed  resolution  of  these  soundings),  profile  I loi  the  humidity-ielated  paiameteis  illustrates  the  kind  ol 
results  to  be  expected  under  standard  reduction  proceduies,  which  in  effect  assume  /cro  hygustoi  thermal  lag 
and  initial  bias  by  ignoring  the  effect  of  these  souices  ol  error  on  the  humidity  data  aftei  lelcase.  Ondei  such 


11 


f R55UMED  HYGRI5TDR 


Figure  5.  Effect  of  Initial  and  Lag  H/grtstor  Temperature  Errors. 


procedures,  the  use  of  .1  psychrometei  would  have  lesulled  in  surface  values  close  lo  the  suilace  point  ot  pin 
tile  I lot  temperature,  and  ptolile  T loi  the  humidity-ielated  paiameters  it  the  initial  hygnstoi  tenipeiaiuie  bias 
was  in  tact  about  M'V  as  has  been  interred  While  in  teims  of  giadients  there  is  little  difference  between  piotiles 
1 and  the  substitution  ol  psyehionietei  data  toi  the  suilace  point  togelhei  with  the  use  ol  uncollected  ladio- 
sonde  data  aloft  necessauly  nilioduces  a negative  bias  111  the  daytime  vertical  giadients  ot  humidity  and  lefiactivm 
in  the  suilace  layei.  Hie  fust  significant  (01  mandalory ) level  above  the  suilace  defines  the  top  ol  the  suilace 
layer,  and  in  this  sounding  would  piobably  be  selected  as  the  top  of  the  supetadiabatic  layer  evident  at  about 
250  feet  altitude  in  tempcratuie  profile  I Hut  in  practice  the  appaient  altitude  ol  a significant  level  is  to 
some  extent  toituitous  since  the  ladiosonde  does  not  tiansmil  each  parametei  continuously;  also,  resolution 
is  ordinarily  somewhat  pooiet  than  in  0111  special  example  lieie  While  conditions  m the  suilace  layei  in  this 
case  actually  appeal  to  have  been  subiefiaclive  as  indicated  by  refractivily  profile  .1.  selection  ot  the  top  of 
the  suilace  layei  at  any  altitude  lower  than  about  JOil  teet  and  reduction  uiidei  staudaid  procedures  would 
have  lesulted  in  a lictlllous  suilace  based  Happing  lavei 


TRENDS  IN  THE  BIAS  AT  PACMISTESTCEN 

Major  changes  in  statistics  of  humidity  and  refi  active  giadients  ovet  the  years  have  been  noted  in  Point 
Mugu  ladiosonde  data  which  support  th  • picccding  indications  ol  contamination  by  tempeiaiuie-unluced 
humidity  euors  Alteialious  in  ladiosonde  instiumentation  and  data  reduction  procedures  at  Point  Mugu  fiom 
I'hv  thiough  l‘>  ’<>  are  noted  111  liguie  t>,  along  with  a plot  ot  water  vapoi  piessure  vauation  with  altitude 
thiough  the  Inst  layei  ol  selected  sound'ugs  tioiu  that  penod,  veisus  date  In  oulei  to  ptovide  a moie 
homogeneous  sample,  the  soundings  lepusented  weie  cases  where  the  lempeiature  decieased  between  .5  to  4‘V 
bom  the  suilace  to  the  top  of  the  suilace  layei,  and  foi  which  the  lop  of  that  layei  was  between  100  to  400 
teet  above  the  suilace. 

A substantial  decline  in  magnitude  ol  the  reported  vapor  pressure  differences  over  the  years  is  obvious, 
with  the  greatest  change  occurring  between  about  l‘>7 1 and  1 7 S . piobably  re  Hoc  ting  adoption  of  two  majoi 
changes;  modilication  ol  sondes  starling  July  1‘>7I  to  minimi/e  ladiational  heating,  and  ulili/ation  of  a Ian- 
ventilated  thermoscreen  for  prerelease  conditioning  of  the  sondes  starting  in  November  l‘>74.  Changes  in 
■elraclive  gradient  statistics  loi  the  suilace  layei  are  also  evident,  as  shown  111  liguie  7 A remarkable  decline 
in  the  reported  frequency  ol  occuiience  ol  the  more  extreme  refractive  gradients  took  place  over  this  period. 

In  I ‘>68,  almost  4if , of  all  soundings  indicated  surface-based  trapping,  dropping  to  less  than  Ilf,  in  l‘>75  and 
ll>7b  I be  lump  trout  l‘>o7  to  l‘>68  is  believed  due  to  an  increase  in  emphasis  at  that  time  in  reporting  smallei 
features  in  the  sounding,  and  111  a switching  modification  lo  increase  humidity  measuiements. 


OTHER  CONSIDERATIONS  IN  ASSESSING  OCEANIC  REFRACTIVE  STRUCTURE 

A number  ol  otliei  considerations  are  involved  in  assessment  of  the  authenticity  and  bcltavioi  of  low  level 
oceanic  letiactive  stiuctuic  based  on  ladiosonde  data.  Adveetive  anil  subsidence  pi ov'esses  will  bung  about 
stiong  surface-based  refractive  giadients  of  substantial  depth  in  certain  legions  and  weathei  legimes  But 
structures  due  to  local  land  sea  ellects  which  appear  in  island  and  coastal  ladiosonde  data  and  which  may  be 
completely  real,  nevertheless  may  not  be  representative  ol  open  ocean  conditions.  Although  soundings  from 
ships  on  the  open  ocean  should  be  tree  ol  such  influences,  another  source  ol  misinformation  may  aiise  in  the 
presence  ol  an  evaporative  duct.  Ibis  type  ot  duct  is  characterized  by  a fairly  shallow  suilace  based  supeiielrac 
live  region  due  lo  the  Irequently  strong,  evapoial ion-caused  decrease  111  humidity  with  altitude  in  the  atinospheic 
immediately  above  the  ocean  surface.  A sufficiently  intense  evaporative  duct  could  be  mistaken  foi  a deepei 
surface-based  duel  because  ol  the  inability  ol  a radiosonde  lo  resolve  the  limited  veitical  extent  ol  the  Iniuier, 
with  possibly  serious  ellects  on  assessment  of  propagation  conditions. 
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CONCLUSIONS 

On  the  basis  ot  the  laige  disparity  in  day/night  surface-based  duel  occurrences  calculated  from  radiosonde 
data  reporied  al  many  stations,  and  the  maioi  decline  in  apparent  duel  occuitences  accompanying  miproveitients 
m mstruinentation  and  procedures  at  Point  Mugu.  it  is  concluded  that  these  ducts  aie  apparently  much  less 
prevalent  ovei  the  oceans  than  has  been  tumidly  indicated. 

1 his  is  due  to  a combination  ol  reduction  and  handling  procedures,  and  temperature-induced  humidity 
emus  in  U S.  and  other  radiosondes  susceptible  to  radiational  heating  and  thermal  lag  effects  on  humidity 
measuiements.  The  problem  has  senous  implications  lot  the  authenticity  and  application  of  reft  active 
climatologies  in  naval  planning  and  prediction  techniques. 

Although  it  seems  unlikely  that  soundings  taken  in  the  past  can  be  satisfactorily  corrected  on  an  individual 
basis  due  to  difficulty  in  icconsirucimg  all  the  relevant  procedural,  instrumental,  and  meteorological  factors  in 
effect  at  the  tune,  the  climatological  contamination  may  be  substantially  reduced  by  application  of  results  of 
comparative  studies  which  are  planned  at  PACMISTESTCKN. 

Such  studies  will  involve  computing  standard  radiosonde  soundings  with  neai -simultaneous  soundings 
employing  modified  sondes  or  procedures  such  as  are  used  operationally  or  planned  at  PACMISTESTUKN.  The 
modifications  include  the  use  ol  ventilated  shelters  prior  to  balloon  release  to  miiiimi/e  errors  due  to  lag  and 
ladiation.  Comparative  soundings  .tie  planned  lor  Point  Mugu.  California;  San  Nicolas  Island,  off  the  California 
coast.  Balking  Sands,  Hawaii  and  possibly  otliei  locations  It  is  hoped  that  from  these  studies,  collection 
(actors  will  be  developed  which  will  improve  the  climatological  data  presently  available  on  low-level  atmospheric 
letractive  structure  over  the  oceans,  and  lead  to  a firmei  basis  on  which  to  develop  techniques  of  predicting 
retractive  stiucture  from  an  mass  and  weather  considciations.  In  addition,  it  is  anticipated  that  procedures  will 
be  recommended  which  will  result  in  improved  accuracy  for  future  measurements. 
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